INTRODUCTION

44
Temperature affects the rate of virtually all bodily functions. Global warming is altering the 45 distribution of natural populations, so a major challenge for experimental biology is to provide a 46 mechanistic model that relates physiological capacity to temperature tolerance (e.g. Helmuth et al., 47 2005). It has long been appreciated that thermal sensitivity decreases as the level of biological 48 organization increases, such that thermal tolerance of the whole living organism is lower than that 49 of the organs, which again is lower than thermal sensitivity of cells and enzymes (e.g. Orr, 1955; 50 Ushakov, 1964; Prosser, 1973; Cossins and Bowler, 1987; Pörtner, 2002; Pörtner and Peck, 2010) .
51
Based on this hierarchy of thermal sensitivity, it has been argued that the upper critical temperature 52 (CTmax) of the organism reflects loss of integration of physiological functions rather than 53 denaturation of enzymes or increased fluidity of biological membranes (Cossins and Bowler, 1987) .
54
In ectotherms, much research has focussed on the hypothesis that, as temperature increases, 55 the cardio-respiratory system eventually fails to meet the inexorable rise in tissue oxygen demands.
56
Therefore, the upper boundary of the thermal window would be defined by capacity for oxygen 57 transport relative to metabolic demand (e.g. Pörtner 
85
In a parallel series of experiments, we characterized how an acute temperature rise affected cardiac 86 output (Q) and the rate of oxygen consumption (ṀO 2 ) in fish with normal or low haematocrit (hct). (Fig. 1A) respectively. The reduction in hct had no effect on ṀO 2 at any temperature ( is strong evidence that that there was no oxygen or capacity limitation.
125
The f H increased with temperature (Q 10 's 2.1 and 1.8 in control and PHZ-treated fish, 126 respectively) and PHZ-treated fish had significantly higher f H at 25 o C and 31 o C (Fig 2B) . Stroke 127 volume (V s ) was not affected by either hct or temperature (Fig. 2C ), but Q tended to increase with 128 temperature (Q 10 of 1.6 in both groups) and was consistently greater in the PHZ group (Fig. 2D) their capacity for oxygen delivery as they approached CTmax.
151
To evaluate the compensatory rise in Q in anaemic fish, we expressed ṀO 2 relative to Q
152
(ṀO 2 /Q) in Figure 2E . This measure, of oxygen extracted by the tissues relative to the volume of 153 blood pumped by the heart, tended to be lower in the anaemic fish, although not significantly. 
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